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INTRODUCTION 
Optimum depth of germination of weeds and crops is a major biological 
difference which is utilized in many weed control methods and systems. 
Methods of seedbed preparation, choice of herbicides, and post seeding 
tillage operations are adapted to the widely held principle that the op­
timum depth of germination of weed seeds is in the top 20 or 30 mm. of 
the soil profile. Crops are planted often slightly below this zone. The 
present technology of soil applied preemergence and preplant herbicides 
emphasizes careful seedbed preparation to promote maximum weed seed ger­
mination during the time of maximum herbicide concentration in the criti­
cal soil zone. Success in this phase permits extensive reduction in post 
seeding tillage operations. The dominant role of soil is evident since 
it is the physical medium in which the weed seeds germinate, and is the 
medium upon which control efforts are directed. 
The research data upon which practical control methods are based has 
been derived almost entirely from experiments conducted under greenhouse 
conditions, or in field experiments where seedbed preparation and hence 
soil environment was the same for each depth of weed seed planting in­
vestigated. 
This study is an attempt to determine the influence of different 
tillage methods, type of soil, and herbicides on the depth of weed seed­
ling emergence under field conditions. 
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REVIEW OF LITERATURE 
Previous investigations of weed seedling emergence under field con­
ditions have been concerned largely with counts of the observed weed spe­
cies obtained under various experimental conditions. Depth of emergence 
studies have utilized carefully planted infestations in seed beds prepared 
in the same way for all planting depths investigated. Major experimental 
variables investigated have included methods of seedbed tillage, soil 
types and seed size differences among weed species. With the development 
of soil applied herbicides, various failures of herbicide performance have 
been attributed to presumed but seldom verified differences in depths of 
weed seedling emergence. The role of seedbed tillage in promoting weed 
seed germination has been observed widely and studied extensively but, as 
yet, has not been identified clearly. 
Tillage and Buried Weed Seeds 
A sound weed control program for annual crops must consider the pat­
terns of weed germination and emergence under field conditions. Many 
studies of weed germination, made under laboratory or greenhouse conditions 
and under field conditions, have in one way or another altered the 
natural environment of the weed seeds. Studies on the depth of seedling 
emergence under field conditions without alteration of the natural soil 
characteristics are lacking. 
In the information available, the weed seeds under study have been 
planted in open-ended galvanized iron trays or glazed earthenware cylinders 
containing soil, free from living seed. These cylinders are then buried 
in the ground outdoors. Such conditions are not realistic and, although 
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their use leads to a better understanding of the weed seed germination 
process, it does not necessarily lead to a clear description of the be­
havior of weed emergence under field conditions. 
There is not a single factor that can explain clearly the effect of 
such factors as cultivation or depth of the seed in the soil on such 
characteristics as longevity of viability, periodicity of emergence, and 
changes in seed population. A number of variables often simultaneously 
interact to a varying degree on weed seeds; important among these are 
changes in exposure to light, moisture, temperature, gaseous environment, 
and possibly other factors. It is expected, however, that at the more 
shallow depths, more drastic changes in the environment of seed are in­
volved. This is probably more true with variables such as temperature 
and moisture. Taylorson (1970), in studies of the changes in dormancy 
and viability of weed seeds in the soils, found that nondormant seeds 
lost viability faster and to a greater degree than did dormant seeds. 
Also, shallowly placed seeds lost viability more than seeds placed at 
deeper soil. 
One of the earliest reports on the effect of cultivation on weed 
populations comes from Brenchley and Warington (1933). In their study, 
some weed species increased with cultivation; some decreased; and, for 
others, there was no net change in populations. Brenchley and Warington 
(1930) also reported on the induced dormancy that is forced upon the seed 
by such environmentally unfavorable conditions as deep burial in the soil. 
Chepil (1946a) studied the length of dormancy, frequency of seasonal 
germination and vitality of seeds in cultivated soil. He found that seeds 
of different species differ widely in their behavior. Each species showed 
4 
a set of its ova particular characteristics. 
The influence of tillage treatments on weed seed germination was 
studied by Chepil (1946b) with the purpose of finding the most suitable 
tillage practice from the standpoint of weed control. The influence of 
the following specific factors was studied: depth at which weed seeds 
germinate most readily, methods of cultivation in relation to germination 
and growth of weeds, soil packing as it affects germination and vitality 
of weed seeds, soil moisture in relation to delayed germination or dorman­
cy, time of the year at which weed seeds germinate most readily, mortali­
ty of weed seeds under different tillage treatments, and soil type in 
relation to germination and growth of weeds. For weed seeds with long 
periods of dormancy, the deeper they were buried in the soil by the cul­
tivation, less was the chance of germination and emergence, and conse­
quently greater was the number of viable seeds that survived the burial 
period. Weed seed left on the soil surface germinated more efficiently 
and earlier than seed brought near the surface by periodic cultivation. 
In cultivated fields, there are periods where the fate of the seed 
is governed by the complex of innate and induced dormancy mechanisms and 
by the ability of the environment to supply the requirements for germina­
tion. Seeds are also buried by the effect of cultivation and dormancy 
may be enforced. Thus, cultivation has an important role in what Bibbey 
(1948) called "environmental" dormancy (induced). 
The effect of cultivation on weed seed emergence has been the main 
concern on studies of weed population on arable land. Budd et al. (1954) 
compared total seed viability from land that was in spring fallow with 
viability from spring to fall in cropped land. In general, there was a 
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reduction in total viable seed from spring to fall when the land was fal­
lowed, and an increase from spring to fall when the land was cropped. The 
effect of cultivation is not limited only to buried seed or to bringing 
them to the soil surface where light and gas exchange favor the germina­
tion process. Kollman (1968), in studies of weed seedling emergence, 
noted that physical resistance of the soil as measured by penetrometer, 
was the major cause of reduced emergence over the range of conditions 
studied. At some bulk densities, seed started radicle growth but the 
physical resistance of the soil prevented germination. Harper (1960) 
concluded that the effect of cultivation is to present opportunities for 
germination to seeds not in state of innate or induced dormancy. According 
with Kropac (1966), although cultivation provides opportunities for weed 
seed to germinate and establish, doubtless others germinated at too great 
a depth for successful emergence. 
The depth of cultivation plays an important role in the viability of 
the seeds. Chepil (1946b) found that the number of viable seeds of some 
weed species remaining after 1 year in soil cultivated to 15.2 cm. was 
three times that when the depth of cultivation was only 6.3 cm. At the 
15.2 cm. depth of cultivation, seeds were deeper buried and better pro­
tected from germination. 
In all programs of weed control in crops, the vitality of the weed 
seeds in the soil is a very important consideration. Weed seeds that re­
main viable in the soil for a long time constitute one of the greatest 
factors contributing to the persistence of a weed in agriculture. With 
cultivation, weed seeds are stirred with the soil profile; some may be 
buried, returned to the soil surface, and buried again. This action by 
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tillage maintains a constant level of seedling emergence provided that 
further seed production is not prevented. 
Feast and Roberts (1973) examined some of the factors which may affect 
seed germination in soil samples for viability studies. There was a dif­
ferential response of the weed species studied to the different regimes 
employed. Roberts (1964), in a 5 year experiment, studied the emergence 
and longevity in cultivated soil of seeds of some annual weeds. Initial 
emergence was not the same for the different species. Subsequently seed­
ling emergence declined at a rate which was constant for each species. 
After the 5 years, the proportion of the seedling emergence ranged from 
37% to 86%, while from 0% to 117» were still present in the dormant stage. 
Roberts (1962) showed that, under frequent cultivation with no appre­
ciable production of fresh seeds, the number of viable weed seeds in the 
soil decreased at a rate which was constant from year to year. The same 
conclusion was reached by Roberts and Dawkins (1967). In their experiment, 
the number of viable weed seeds in the top 9 in. of soil decreased at a 
rate of 22% per year in undisturbed soil, 30% per year on plots dug twice 
a year, and 36% per year on those dug four times a year. The proportions 
of the viable seeds which gave rise to seedlings in the course of a year 
were 7% on plots dug twice and 9% on those dug four times a year. On 
undisturbed soil, only 0.3% of the viable seed emerged at the fourth year. 
Roberts and Dawkins (1967) concluded that a weed-free environment 
will be more easily obtained under nondisturbed soil conditions. How­
ever, Chancellor (1964) has presented evidence that for some species and 
for a period of 1-2 years, a greater number of seedlings emerged on un­
disturbed soil than in a cultivated one. Studies on weed-free environment 
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as favored by no-tillage practices have been also presented by Roberts 
(1963). If it is true that a reduced number of seedlings emerged on un­
disturbed soil, the number of viable seeds which remained at the end of 
five years was always greater when the soil was not disturbed, and in­
creased with increasing depth of incorporation (Roberts and Feast, 1972). 
The total seedling emergence from seeds incorporated to 2.5, 7.5, and 15 
cm. was 75, 65, and 547» respectively \dien the soil was cultivated, and 
58, 36, and 21% in undisturbed soil. The corresponding numbers of viable 
seeds remaining after 5 years were 2.3, 4.0, and 7.7% respectively for 
cultivated soil, and 6.8, 16.5, and 31.6% in undisturbed soil. The idea 
that burial of seed by effect of cultivation is sufficient to depress 
germination and to favor survival of viable seeds was supported in this 
report. Roberts and Feast (1972) also concluded that the depth of incor­
poration did not affect seed survival on those species having a low degree 
of innate dormancy. In a further experiment, Roberts and Feast (1973) 
studied the changes in the number of viable weed seeds in soil. The un­
disturbed bare soil treatment and the cultivated treatment were compared 
with undisturbed soil plots covered by mulch, and with undisturbed plots 
sown with perennial ryegrass. The population of viable weed seeds in the 
23 cm. of soil decreased exponentially for all treatments in the absence 
of further seeding. The rate of losses for undisturbed treatments was 
very similar, about 32%; 42% for plots dug twice a year, and 56% for plots 
dug seven times a year. 
Much variability has been observed in the responses of seeds toward 
light. When the soil is cultivated or disturbed, illumination could reach 
many seeds buried in the soil. Wesson and Wareing (1967) suggested that 
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weed seed burial may induce a light requirement in some seeds, and that 
light may be the most important factor regulating dormancy of many buried 
seeds. This hypothesis is supported by studies of Taylorson (1970) who 
found that phytochrome control is an important dormancy mechanism of weed 
seed and also suggested that seeds recovered from deeper depths required 
less to germinate than seeds recovered from the shallower depths. The 
implication of the phytochrome-controlled mechanism in the germination of 
six weed species was also demonstrated by Taylorson and Borthwick (1969). 
Tillage practices through the stirring action of the soil surface may 
expose weed seed to brief light exposures and then bury the seed again. 
Sauer and Struik (1964) have proposed a light-flash mechanism for breaking 
dormancy in some weed species. The light-flash is eventually met by some 
seed during soil disturbance under natural conditions or during soil cul­
tivation. Wesson and Wareing (1969a) have also concluded that although a 
large proportion of species required a long period of illumination to 
germinate, some species are able to respond to a brief exposure which they 
receive during the actual disturbance and then they may be buried again 
and returned to darkness. Their results also show that germination fol­
lowing a disturbance of the soil is almost wholly dependent upon exposure 
to light, suggesting that either some species possess light-dependent seeds, 
or that burial induces a light dependence in previously nonlight-sensitive 
seeds. This last point was demonstrated later by the same workers (Wesson 
and Wareing, 1969b). 
Tillage and Soil Characteristics 
Tillage systems change also the roughness and porosity of the soil 
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surface. These two parameters are very important to the energy balance at 
the soil surface. The energy balance determines the pattern of seed ger­
mination and is especially important in weed populations and their interac­
tion with soil applied herbicides, since weed seeds germinate in the soil 
surface that is affected by tillage treatments. Roughness and porosity 
were greatest for a plowed soil, followed by the conventional tillage, 
plow-disk-harrow, and the lowest for the untilled soil according to the 
work of Allmaras et al. (1967). In three northcentral United States soil 
associations, the average total porosity decreased when the recently plowed 
soil was disked and harrowed. Allmaras ejt al. (1966) found that in the 
Nicollet-Webster association, disking and harrowing always reduced the 
roughness of the recently plowed surface. Roughness and porosity affect 
water penetration and evaporation. This effect and the differences caused 
by tillage has been investigated by Burwell and Larson (1969) and are shown 
in Table 1. 
Table 1. Effect of tillage treatment on cumulative infiltration on a 
Barnes loam 
Tillage treatment 
Surface condition 
after tillage Cumulative infiltration 
Pore 
space 
(cm) 
Random 
roughness 
(cm) 
To initial 
runoff 
During 
5-cm runoff 
Untilled 8.0 0.6 0.9a 2.1a 
Plow 13.9 5.7 9.3c 2.1a 
Plow-disk-harrow 10.6 1.5 2.4a 2.1a 
Cultivated 11.3 3.5 6.7b 2.4a 
Rotary tilled 12.9 1.7 4.8b 2.1a 
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In cultivated land of the temperate zone, soil temperature is probably 
the most important factor that triggers weed germination and emergence. It 
has been also recognized that temperature extremes may be more important 
than average values. For this reason, the understanding of heat flux 
through the soil layer that contains the germinating seed is of great help 
in the interpretation of many aspects of weed research. 
Soil temperature is another important parameter affected by tillage. 
The response of crops and weeds to treatments with herbicides and the 
growth and distribution of weeds in cultivated fields is primarily con­
trolled by soil temperature. The effect of tillage on soil surface tem­
perature depends upon the tillage methods and time of the year. It has 
been demonstrated by Evenson and Olsen (1970) that fall-plowed soil warms 
quicker in the spring than soil not fall-tilled, and soil temperature at 
the four-inch depth under fall plowing was about 5° F higher in May than 
under grass sod. Considerable temperature difference between a ridge and 
a furrow, depending on the time of day and row direction was found by 
Shaw and Buchele (1957). Under certain circumstances, the more accumula­
tion of soil moisture on the furrows increased the soil heat capacity 
which delayed subsequent warming (Rose, 1966). Willis and Amemiya (1973) 
presented information on soil temperature as related to tillage and the 
effects on plant growth. Allmaras e_t al. (1972) compared the heat balance 
of fall versus spring plowing. They found that soil temperatures at 
planting time were up to 2° C greater on fall-plowed plots than when no 
plowing was done before planting time. During the overwinter periodj the 
shallow depth (1 cm.) soil temperatures were greater on fall-plowed plots 
than where no tillage was performed. The soil temperature differences 
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extended as deep as 150 cm. 
Army e_t al. (1961) studied the soil temperature under three different 
fallowing methods; chemical, sweep tillage, and disking. The soil temper­
atures at the 1 and 6 inch depths in the disked plots were warmest with 
little differences in temperature between the chemical fallow and sweep 
tillage plots. It is generally accepted that under minimum tillage when 
residues remain over the soil, lower temperatures are common at the soil 
surface. 
There are very few reports on the continuous soil temperature fluctu­
ation at adequate depths and time that may be used in weed germination 
studies. One of the most complete studies of soil temperature fluctuation 
at the weed seed germination layer over a full year is presented by Stoller 
and Wax (1973b). They found larger temperature fluctuation at t>e 1.5-2.5-
and 5.1 cm. depths. These temperature fluctuations occurred even on days 
when the soil was covered with up to 15 cm. of snow. There were very few 
days when the temperature fluctuated less than 0.5° C particularly in the 
upper 5.1 cm. 
The large temperature fluctuation in the first 5 cm. of soil surface 
favors weed seed germination which, according to Andersen (1968)s germinate 
best under diurnal temperature fluctuation. In relation to these temper­
ature fluctuations, Lang (1965) has suggested that the effect of tempera­
ture fluctuation during the day in triggering seed germination does not 
consist in the removal of innate dormancy but rather in an increase of the 
general physiological activities of the seed that enable it to germinate 
more rapidly, and thus overcoming possible blocks to the germination proc­
ess. It is also important to the relationship between survival of weed 
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seeds and their depth in the soil. Seeds or propagules below the soil 
layer of high temperature fluctuation may be more protected from germi­
nating and survive longer than seed on the upper soil surface (Stoller and 
Wax, 1973a). 
Fluker (1958) also noted the greatest soil temperature variation at 
2 inches below the surface. The average difference was 12.0° C with a 
o o 
maximum of 15.0 C occurring in May and a minimum of 9.0 C occurring in 
December. As depth increased, the differences were damped out and, at 
3 feet, the general pattern of diurnal variation was not detected. The 
large temperature fluctuations in the upper 5 cm nf soil surface not only 
affect or determine weed seed germination (Andersen, 1968), but strongly 
influence the herbicidal activity (Hargrove and Merkle, 1971; Kozlowski 
et , 1967; and Penner, 1971). 
It was mentioned that soil water is one of the important parameters 
affected by tillage. Smika and Wicks (1968) demonstrated that soil water 
storage increases Wien herbicides rather than conventional tillage prac­
tices were used. In the dryland areas of the Great Plains, Army et al. 
(1961) found reduced water storage Wien stubble mulching and chemical 
fallow were used. However, a higher water content in the surface 6 cm. 
of soil was found when herbicides were used than where conventional stub­
ble mulch tillage practices were used during the fallow period. Surface 
residues with stubble-mulch tillage or chemical weed control significantly 
improved moisture conditions in the seed zone and markedly reduced surface 
crusting. Unger e^ al. (1971) also reported a significant increase in 
water storage in plots with herbicide treatment compared with the tandem 
disk treatment. Wiese and Army (1958) compared four different fallowing 
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methods: disk, subsurface tillage, chemical weed control, and untreated 
plots. No differences in total moisture and moisture distribution in the 
top 4 feet of the soil profile were found in the 3 weed control methods 
Failure to obtain increased water storage with no tillage during fal­
low is associated with insufficient surface residues to suppress evapora­
tion. This is apparently the case in the work of Overson and Appleby 
(1971) in a semi-arid area of the Pacific Northwest. In this area, less 
water accumulation was found in the nontilled plots even vAien weeds were 
controlled with herbicides. 
Under conservation tillage, surface residues are protected. These 
residues moderate or reduce the rate of surface drying and permit the 
water to penetrate to greater depths where it is less susceptible to loss 
by evaporation. Surface residues also reduce runoff and increase infil­
tration of water, A good discussion of the literature concerning the ef­
fectiveness of conservation tillage for controlling evaporation and in­
creasing water storage is presented by Unger and Phillips (1973). 
Effect of Tillage on Herbicide Availability in the Soil 
The effect of cultivation on soil characteristics affects directly 
the processes of diffusion, leaching, absorption, decomposition, volatili­
zation, and other important properties of the herbicides applied to the 
soil. All these processes are determinants in the movement and availabil­
ity of herbicides in the soil. Herbicides are present in the soil in 
three different phases: vapor, solution, and solid phase. The availabil­
ity and mobility of the herbicide were determined by the relative amount of 
each one of these three phases. This distribution depends on the physical 
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and chemical properties of the soil and of the chemical. Adsorption is 
probably the most important process that controls the herbicide movement 
in the soil. Hamaker and Thompson (1972) have presented a comprehensive 
review of the adsorption process. The herbicide is transported in the 
soil mainly by diffusion and with moving water. The effect of different 
tillages on water movement and storage in the soil was discussed early. 
A schematical illustration of a possible distribution of the herbicide 
in the soil after leaching from the surface is presented by Graham-Bryce 
(1972). 
Freed and Hague (1973) have studied some of the more important aspects 
of pesticide behavior in soil and have shown how such factors as soil 
temperature, moisture, type of colloidal surface, and soil microflora in­
teract with the physical-chemical properties of the compound. It is clear 
that the type of colloidal surface and the distribution of organisms in 
the soil is affected by the mixing action of soil cultivation. The or­
ganic matter that accumulates on the soil surface under no cultivation is 
a very efficient adsorbent of many soil applied chemicals. 
Upchurch (1972) investigated the fate in soil of some organic herbi­
cides and plant growth regulators. Some of the important aspects consid­
ered in his study were: influence of edaphic factors, influence of cli­
mate, and influence of methods of soil and chemical management. Walker 
(1972), in a study of the influence of soil factors on availability of 
atrazine and linuron, provided evidence to the fact that herbicide uptake 
by plants is a passive process related to the concentration and the amount 
of transpiration. Variation in water content in the soil not only alters 
the herbicide concentration but still more important it affects the herbi­
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cide transport and the rate of transpiration (Green and Obien, 1969). 
Upchurch (1966) suggested that a better efficiency with herbicides 
may be obtained by placing the compound in specific soil horizons. The 
reason for this is that herbicides are differentially taken up more effec­
tively either by the root or shoot of the germinating seedling. If this 
is the case, the effect of tillage on herbicide movement in the soil and 
on the depth of emergence of some weed seedlings are important elements in 
the application of herbicides. 
Gray and Weierich (1969) concluded that not only the type of herbi­
cide and plant have to be considered on studies of the part of the plant 
most suitable for the herbicide activity. Many other factors such as her-
bicidal concentration, duration of exposure, depth of seed placement, and 
the thickness of the treated layer must be considered. 
The localization of herbicides in the soil and the exact site of up­
take by young seedlings have received increasing research. Eshel (1969), 
Prendevilie (1968), and Nishimoto et al. (1969) have demonstrated that such 
herbicides as diuron and simazineare primarily efficiently taken up by the 
roots. With the s-triazines, the substituted ureas, and the uracils, effi­
cient herbicidal action requires the presence of the herbicide in the soil 
horizon which contains the roots. Other herbicides such as trifluralin, 
nitralin, and the carbamates are more efficient when located in the shoot 
zone. 
Most of these herbicides are adsorbed to an appreciable extent by soil 
and downward movement is restricted. High concentrations of herbicides are 
likely to be found at the soil surface. But this is also the area subject 
to more changes in light, moisture, temperature, gas exchange, etc. In 
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soil that is not disturbed, a high accumulation of organic matter over the 
soil surface facilitates the adsorption of many herbicides. Walker (1973a) 
studied the shoot and root uptake of different herbicides including sima-
zine, atrazine, and linuron. All the herbicides were phytotoxic when 
localized in the shoot zone of the seedlings. Exposure in the root zone 
was much more phytotoxic. The increase in the depth of the treated shoot 
zone increased the uptake of some of the compounds. Both shoot and root 
uptake will occur if seedlings are germinating from near the soil surface. 
This seems to occur frequently with many weeds under field conditions 
when adequate soil moisture is available. In a subsequent work, Walker 
(1973b) exposed different fractions of the root system of seedlings to the 
herbicide. He found that the herbicide concentration in seedlings was 
proportional to the fraction of root exposed to the treated soil. Seed­
lings that germinate from greater soil depths will have more possibility 
of escaping the action of herbicides that are concentrated on the soil 
surface. This fact has been demonstrated by Furrer and Fertig (1964) in 
studies of velvetleaf (Abutilon theophrasti) control with triazine com­
pounds. 
Herbicide performance is clearly affected by the tillage system. 
Evaluation of herbicides under different tillage practices has been pre­
sented by Phillips (1969), Triplett (1966), and Robison and Wittmuss 
(1973). The generally accepted concept is that smooth, finely prepared 
seed beds enhance the phototoxicity of soil applied herbicides. 
17 
MATERIALS AND METHODS 
This research included major work in the laboratory, in the green­
house, and in the field. The greenhouse experiment studied the external 
morphological characteristics of the weed seedlings which could be used 
to determine the depth of seedling emergence and tested the validity of 
such techniques under different germinating conditions. 
In the laboratory, the three common species of foxtail (Setaria 
faberii, lutescens, and viridis) were identified from seedlings taken 
in cultivated fields. The depth of emergence of the seedlings was deter­
mined to study differences in depth of emergence between species. 
The field work included the study of the variability in depth of 
emergence between different sites of the same field and the effect of til­
lage methods, soil type, and herbicides on the pattern of weed seedling 
emergence. 
Greenhouse Experiments 
Nondormant seeds of velvetleaf, smartweed, and three species of fox­
tail were planted in cylindrical plastic planters, 11 cm. diameter by 
15 cm. deep. Thirty seeds were used per planter, and the seeds were col­
lected from a wild population in Ames, Iowa in the fall of 1970. The seeds 
were planted in different media and at different depths. The soil and sand 
were steam sterilized. Each plastic planter had top and bottom irrigation 
and was replicated four times for smartweed and velvetleaf, and five times 
for the foxtail species. Table 2 summarizes the treatments used in this 
seed germination experiment. 
Table 2. Treatments used in the seed germination experiment 
Planting depths in cm. 
medium 
Smartweed Velvetleaf Foxtai1 
Sand 0-, 2, 3, 5 0, 2, 3, 5 
Loose soil 0, 2, 3, 5 0, 2, 3, 5 0, 2, 3, 5, 8 
Compacted soil 0, 2, 3, 5 0, 2, 3, 5 0, 2, 3, 5 
Vermiculite 0, 2, 3, 5 0, 2, 3, 5 0, 2, 3, 5, 8 
Observations were made during the first and second week after emer­
gence of velvetleaf and smartweed seedlings, and one, two, and three weeks 
of the foxtail. For the observations, the soil from the planters was re­
moved carefully to avoid damage to the seedlings, the entire soil core con­
taining the seedlings was placed in water, and the seedling root systems 
carefully washed free of soil. The above and underground parts of a random 
sample of five seedlings were measured. In small seedlings of smartweed and 
velvetleaf, the underground part was divided into two portions: the upper 
portion, without secondary roots or with very small ones (hypocotyl), and 
lower portion that bears the secondary roots. Both portions were also 
measured in each seedling of the random sample. Observations were also 
made of any constant feature in the external morphology of the seedlings 
that could help in the characterization of the depth of emergence. In 
foxtail seedlings, the seed remained attached to the underground part of 
the seedlings. The only measurement taken in the foxtail seedling was the 
portion of the underground part of the seedling between the soil surface 
and the seed remnant (mesocotyl). Care was taken not to straighten this 
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portion during the measurement. Only the projection of this area was 
measured. 
Classification of Setaria Seedlings 
When foxtail germination started in the spring of 1972, soil cores 
with dense populations of grasses of approximately 30 x 30 cm. surface and 
15 cm. deep were dug from different fields. The samples were taken from 
fields with known heavy infestations of foxtail plowed the fall before. 
In the laboratory, the grass seedlings from each soil sample were care­
fully washed out and the foxtail seedlings identified. To distinguish the 
three species, the following seedling and seed characters were used (Pohl, 
1962, 1966); 
Setaria lutescens Setaria faberi Setaria viridis Characteristic 
Spikelet 
Sheaths 
Leaves 
Fertile lemma 
(Yellow foxtail) (Giant foxtail) (Green foxtail) 
Significantly 
larger 
Not cLliate 
Glabrous 
Strongly wrinkled 
Smaller than yellow foxtail, but 
giant foxtail seeds slightly larger 
than green foxtail 
Short ciliate at the upper margin 
Glabrous Pubescent at the 
upper surface 
Cross-ridged, 
stramineous or 
brown, never 
spotted 
Often spotted 
dark brown 
Although some of the characteristics before referred in the seedling iden­
tification are not always distinct for each species, they gave adequate 
confidence for the purposes of the present experiment. 
It is worthwhile to mention that almost all the seedlings observed 
kept the seed attached to the main root axis and that the external charac-
20 
teristics of the spikelet were intact. 
Field Sampling Procedures 
For studies of depth of seedling emergence, cultivated fields under 
different tillage systems were sampled when weed seedlings were 3 cm. tall 
and before any herbicide was applied. The seedlings studied were grasses 
(mainly foxtail), velvetleaf, and smartweed. These species constitute 70 
to 90% of the weed population in many of the com and soybean fields in 
Iowa. 
Soil cores of approximately 20 x 20 x 20 cm. were dug from the field. 
The soil core was scooped out carefully to minimize compaction and crum­
bling and transported to greenhouse in flats or plastic bags. At the 
greenhouse, the seedlings from each sample were carefully washed and the 
seedlings of each species up to a maximum of 50 were at random selected 
to make the depth of emergence determinations. When soil cores were not 
processed within 2 days after being taken from the field, they were stored 
in a cold room at 10° C, for no longer than a week. 
The experimental plots were those used in herbicide experiments in 
com and soybeans and measured 40 ft. x 10 ft. All samples were taken on 
experimental fields with different herbicides and tillage systems. Three 
weeds typical of Iowa infestations were studied: foxtails, velvetleaf, and 
smartweed. The experimental designs were randomized blocks and split-plot 
in completely randomized design with 4 or 5 replications. 
Three random soil cores of weed seedlings were dug on each plot. 
When the weed seedlings emerging in the plot were scarce, as was the case 
in many herbicide treated plots, enough seedlings were dug to obtain a 
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minimum of thirty seedlings of each species. The plots were sampled when 
the seedlings were between the cotyledonary and the first two true leaves 
stages for the broadleaves and between 2.5 to 5 cm. in height for the 
grasses. In some instances, larger seedlings were utilized. 
Care was taken not to sample seedlings germinating in areas where for 
any circumstance there was an apparent incomplete herbicide coverage. 
These areas are easy to distinguish because weeds germinated in clusters, 
contrasting with the scatter pattern of emergence that is characteristic 
with a complete herbicide coverage. 
The soil samples with the weed seedling were transported in flats or 
plastic bags to the greenhouse for measurement or stored in a cold room 
at 10° C. At the greenhouse, the soil cores were floated in water and 
carefully washed. Approximately 80%, of the total number of seedlings from 
each plot sample were washed out, but no more than fifty were taken at 
random for the depths of emergence determinations. 
The data for these experiments on the effect of herbicides and tillage 
on depths of emergence were collected during the 1973 and 1974 growing 
season. In 1973, only University Farms in the vicinity of Ames were sam­
pled; these included Curtiss, Walker, Beech Avenue, and Agricultural 
Engineering Research farm. The treatments included different herbicide 
and tillage methods in both com and soybean fields. 
The statistical analyses were performed under the direction of 
Dr. Paul Hinz of the Department of Statistics, Iowa State University, 
Ames, Iowa. 
In 1974, besides tillage and herbicide treatments, the influence of 
type of soil was studied. The descriptions of the different treatments 
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and soils of locations used are listed below. 
1. Farm: Curtiss — Ames, Iowa 
Soil texture; Loam 
Tillages; No-till, disk, and plow 
Crops; Com and soybeans 
Herbicides; Atrazine, alachlor, chloramben, trifluralin, and 
alachlor + metribuzin 
Weeds; Foxtail, smartweed, and velvetleaf 
2. Farm; Walker — Ames, Iowa 
Soil texture; Loam 
Tillage: Conventional (plow-disk-harrow) 
Crop; Com 
Herbicides; Atrazine, alachlor, and alachlor + metribuzin 
Weeds: Foxtail, smartweed, and velvetleaf 
3. Farm; Agricultural Engineering Farm — Ames 
Soil texture; Loam 
Tillage: No-till, disk, chisel plow, plow, conventional 
Crops; Com and soybeans 
Herbicides; Atrazine, chloramben, alachlor + metribuzin, and 
alachlor + atrazine 
Weeds; Foxtail and smartweed 
4. Farm; Carrington-CLyde Experimental Farm — Independence, Iowa 
Soil texture; Loam 
Tillage: Conventional 
Crops; Com and soybeans 
Herbicides; Atrazine, chloramben, trifluralin, alachlor, and 
alachlor + metribuzin 
Weeds; Foxtail and smartweed 
5. Farm; Northwest Iowa Experimental Farm — Doon, Iowa 
Soil texture; Silty clay loam 
Tillage: Conventional 
Crops: Com and soybeans 
Herbicides: Atrazine, chloramben, trifluralin, alachlor, and 
alachlor + metribuzin 
Weeds: Foxtail and smartweed 
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6. Farm; Western Iowa Experimental Farm — Cas tana, Iowa 
Soil texture: Silty loam 
Tillage: Conventional 
Crop: Com 
Herbicides: Atrazine, alachlor, and alachlor + metribuzin 
Weeds: Foxtail and velvetleaf 
Herbicide identities are: 
Alachlor: 2-chloro-2*,6'-diethyl-N-(raethoxymethyl)acetanilide 
Atraz ine : 2-chloro-4-(e thy 1 amino ) - 6- ( i sopr opy lamino ) - s_- tr i az ine 
Chloramben: 3-amino-2,5-dichlorobenzoic acid 
Metribuz in: 4-amino-6-tert-butyl-3-(methy1thio)-as-triazin-
5(4H)one 
Trif luralin: ^ ^ a;-trif luoro-2,6-dini tro-N,N-dipropy 1-p-toluidine 
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RESULTS 
The experimental results obtained in this study have determined the 
depths of emergence of annual weed seedlings under field conditions, and 
have related the observed patterns to depth of seedbed tillage. 
Soil disturbance through tillage methods increased the depth of seed­
ling emergence. Under no-till, most of the weed seedlings were found 
germinating from the first 10 mm. of the soil surface. The chisel plow 
treatment was very similar to the no-till treatment with very little incre­
ment on the percentage of depth of emergence. Disking decreased the shal­
low seedling emergence and increased the percentage of seedlings emerging 
from deep soil. The conventional tillage method consistently increased 
the percentage of weed seedlings which emerged from deeper levels. 
Soil type was an important factor in determining the pattern of seed­
ling emergence. Lighter soil favored more even distribution of seedling 
emergence through the germination profile and also deeper emergence. 
The presence of herbicides was also an important factor in the depth 
of seedling emergence, depending on the type of soil, weed, herbicide, and 
soil moisture condition. 
Greenhouse Experiments 
Seeds of the three Setaria species, smartweed, and velvetleaf were 
planted in different media and at different depths in the greenhouse. As 
soon as seedlings began to emerge in each experimental pot, observations 
were made on the time of germination, hypocotyl growth, and cotyledonary 
and true leaves development. Although in some cases these measurements 
gave qualitative indication of the depths of seedling emergence, they did 
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not yield a precise measurement. When seedlings were removed and the soil 
washed away to study the root system, a particular point in the main root 
axis was very contrasting. This point was most evident in the velvetleaf 
and smartweed seedlings. It corresponds to the transition region, Esau 
(1965) and Hayward (1938), or the area where the vascular system of the 
root makes connection with the hypocotyl vascular system. At this point, 
the hypocotyl narrows abruptly and the main axis of the root is displaced 
sideways slightly before continuing downward. 
In seedlings germinating from deep soil or in compacted soil, a small, 
knot-like region was apparent at the transition zone. This was most evi­
dent in smartweed seedlings. Very often, a darker coloration was present 
at the transition zone that persisted even after repeated washing. Soil 
particles adhered more strongly at this point. 
Before the seedlings were washed from the germination medium, the 
hypocotyl portion above surface was measured. After seedling removal, the 
entire hypocotyl length from cotyledonary leaves origin to transition zone 
was determined. With these two measurements, the length of the hypocotyl 
portion below soil surface was obtained. This portion could also be easily 
determined since at the soil surface there is a coloration change between 
above and below portions. The portion below soil surface was whitish in 
color in both velvetleaf and smartweed seedlings. The above soil surface 
portion was green on velvetleaf and reddish for smartweed. The coloration 
change at the soil surface was very clear in both species and most clearly 
defined in older seedlings. In young seedlings,(cotyledonary or first two 
true leaves stage), the underground portion of the hypocotyl, between soil 
surface and transition zone, was easily distinguishable because of the 
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absence of root growth, compared with the large amount of secondary root 
growing in the main root. In older seedlings (after the 2nd true leaves 
developed), many roots were found growing on the underground portion of 
the hypocotyl that concealed the transition zone. When this was the case, 
perpendicular immersion of the seedling root system in water made the 
roots float and the transition zone was again noticeable. Although the 
coloration change at the soil surface in small seedlings is not quite con­
trasting, it was preferable to measure young seedlings, avoiding in this 
way the extra difficulty created by root growth in the underground portion 
of the hypocotyl. The external morphological features that in both velvet-
leaf and smartweed seedlings facilitated the measurement of the hypocotyl 
portion below soil surface are illustrated in Figures 1, 2, and 3. 
In the Setaria seedlings, the only required measurement was that of 
the mesocotyl. This area was easy to determine because at the upper end, 
at the soil surface, the seedlings produce nodal roots and, at the lower 
end, the seed remnants remain almost always attached, even after tillering 
of the plant. These contrasting points that help in the measurement of 
the mesocotyl are illustrated in Figure 4, a diagram slightly modified from 
Troughton (1957). 
From each experimental pot, a random sample of five seedlings was 
taken for the hypocotyl measurements in velvetleaf and smartweed and the 
same size sample for the mesocotyl determinations in the Setaria species. 
The experiment with velvetleaf and smartweed was repeated twice: in the 
first experiment, the seedlings were removed from the germinating medium 
at whole expanded cotyledonary leaves stage, and in the second experiment, 
the seedlings were removed before the second two true leaves completed 
Figure 1. Illustration of a velvetleaf seedling showing the morphologi­
cal characteristics used in determining the depth of emergence. 
SOIL SURFACE 
HYPOCOTYL 
ROOT - SHOOT 
CONNECTION 
Figure 2. Illustration of a smartweed seedling showing the morphological 
characteristics used in determining the depth of emergence-
SOIL SURFACE 
-HYPOCOTYL 
_ ROOT-SHOOT 
CONNECTION 
Figure 3. Illustration of a smar tweed seedling showing the morphological 
characteristics used in determining the depth of emergence. 
SOIL SURFACE 
HYPOCOTYL 
KNOB-UKE REGION 
AT THE ROOT-SHOOT 
CONNECTION 
Figure 4. Schematic drawing of a young grass seedling showing the mor­
phological characteristics used in determining the depth of 
emergence (modified from Troughton, 1957). 
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their growth. In preliminary experiments, it was found that although older 
seedlings could be handled for hypocotyl determinations, this became more 
laborious because of the growth of roots in the underground portion of the 
hypocotyl. 
Table 3 summarizes results obtained in the greenhouse with velvetleaf 
and smartweed. With the foxtail grasses, mesocotyl measurements were made 
one, two, and three weeks after emergence. The results of these deter­
minations are summarized in Table 4. All the treatments in the greenhouse 
experiment were set in a completely randomized design with five or six 
replications. 
Table 3. Length in mm. of the hypocotyl fraction below soil surface in 
smartweed and velvetleaf 
Seeding 
medium 
Depth of 
planting (mm.) 
Length in mm. of the 
fractions below soil 
hypocotyl 
surface 
Velvetleaf Smartweed 
Sand 20 21.0 20.6 
Sand 30 29.0 30.9 
Sand 50 48.7 49.2 
Soil 20 18.3 21.2 
Soil 30 31.6 31.0 
Soil 50 48.2 51.3 
Compacted soil 20 20.2 20.4 
Compacted soil 30 30.6 30.3 
Compacted soil 50 48.9 50.3 
Vermiculite 20 17.2 18.6 
Vermicultie 30 32.2 28.2 
Vermiculite 50 47.2 48.1 
^Average of six replications at two different times: at the cotyle-
donary stage and at the first two true leaves stage. 
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Table 4. Length in mm. of the mesocotyl in the three species of Setaria 
Seed 
medium 
Depth of 
planting (mm. ) Length in mm. of the mesocotyl^ 
Green foxtail Giant foxtail Yellow foxtail 
Soil 0 0.65 0.7 0.54 
Soil 20 21.36 20.1 20.04 
Soil 30 28.19 30.2 30.12 
Soil 50 48.73 50.15 49.80 
Soil 80 82.21 81.02 78.85 
Compacted soil 0 0.61 0.46 0.26 
Compacted soil 20 22.03 20.40 19.86 
Compacted soil 30 28.05 30.12 30.2 
Compacted soil 50 49.02 50.40 49.7 
Vermiculite 0 0.91 0.85 0.81 
Vermiculite 20 22.18 21.06 20.5 
Vermiculite 30 28.31 32.15 30.4 
Vermiculite 50 48.16 48.71 50.7 
Vermiculite 80 78.11 76.13 76.9 
^Average of five replications at three different times; one, two, 
and three weeks after emergence. 
Setaria Seedling Emergence in the Field, 1972 
Approximately 1500 seedlings were sampled at random in Beach Avenue 
Experimental Field and Curtiss Farm, Ames, Iowa, in April and May of 1972. 
Those fields have been under cultivation for many years and presented a 
high population of foxtail grasses. Both fields were plowed during the 
fall of 1971 and no further cultivation or tillage was made before the sam­
ples were taken. 
Only the average of depth of seedling emergence was calculated for 
comparison between species. Although the percentage of population cor­
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responding to yellow foxtail and giant foxtail was lower than the percent­
age for green foxtail, the total number of seedlings measured, approxi­
mately 200 for giant and 260 for yellow foxtail, the data gave reliable 
average values. A summary of the results from this experiment is shown in 
Table 5. 
Table 5. Average depths of emergence for the three Setaria species and 
relative percentage of infestation in two cultivated fields, 
Ames, Iowa, 1972 
„ . Infestation Average depths of 
percentage emergence (mm.) 
Setaria lutescens 16 16.4 
Setaria faberi 11 17.1 
Setaria viridis 73 . 15.9 
Field Experiments, 1973 
During April and May of 1973, depths of weed seedling emergence were 
determined from several experimental fields in the Ames area. Tillage 
methods included conventional (plow-disk-harrow), disk only, and no-till. 
All tillage systems were not present in all the fields. Data were grouped 
into II classes at 5 mm. intervals and the weighted means were calculated 
and used for comparisons. The analysis showed no significant differences 
among sampling sites within a given tillage treatment in a given field. 
Differences in average depths of weed seedling emergence were most 
consistent and significant between methods of seed bed preparation, as 
shown in Table 6. The response of foxtail species to method of seedbed 
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preparation was most consistent among all fields sampled. Response of 
smartweed was less consistent and revealed little difference in average 
depth of emergence between disk and the conventional fall plow, spring 
disk, and harrow. Long experience and observation has shown that smartweed 
tends to emerge in a single flush of seedlings each spring. 
Table 6. Average depths of emergence in mm. of three weed species in 
three methods of seedbed preparation With no herbicide treatment, 
1973 
Method of Foxtail 
seedbed preparation species Velvetleaf Snartweed 
No-till 11.5 8.3 7.8 
Disked 14.5 11.0 13.0 
Conventional 17.1 14.0 13.9 
The data presented in Table 7 summarize the average depths of seed­
ling emergence for all weed species and all tillage systems studied at 
each of the 1973 locations. A valid statistical comparison was not pos­
sible, but the data show clearly that kind of seedbed preparation was an 
important factor in the depth of weed seedling emergence. The convention­
al seedbed preparation of fall plow, spring disk and harrow resulted in 
an average depth of weed seedling emergence nearly twice that measured in 
no-till seedbeds (Beech Avenue vs. Walker Farm). Fields at the Agr. Engi­
neering and Curtiss farms included conventional, no-till, and spring disk 
alone; the resultant average depth of weed seedling emergence was almost 
exactly the average between Beech Avenue and Walker farms. 
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Table 7. Average depths of emergence in mm. for all weed seedlings com­
bined at each of four locations, Ames, Iowa, 1973 
Location Seedbed preparation Average depth of 
emergence, mm. 
Beech Avenue Conventional only 19.2 
Walker farm No-till only 10.9 
Curtiss farm Conventional, no-till, 
and disk 14.0 
Agronomy farm Conventional, no-till, 
and disk 14.2 
Considering all experimental situations, there was no significant 
evidence that herbicide treatments altered the depths of seedling emer­
gence, although certain trends were evident. Typical results are summar­
ized in Table 8. There was an indication that chloramben treatment re­
sulted in deeper average emergence depths for those seedlings which sur­
vived the herbicide treatment. This was more pronounced in tests where 
herbicide performance was good. Differences in herbicide efficacy and 
the resultant difficulties in obtaining adequate samples introduced un­
controlled variability into the experiments. 
Data from one field with conventional seedbed preparation is pre­
sented in Table 9. The analysis of variance (Table 10) showed signifi­
cant differences among herbicide treatments and weed species. The major 
differences were attributed to the efficacy of alachlor alone and mixed 
with atrazine on foxtail seedlings; the surviving seedlings germinated 
from lower soil depths. 
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Table 8. Average depths of emergence in mm. for all weed seedling com­
bined with each of three seedbed preparations and five herbi­
cide treatments, 1973 
Herbicide treatment Rate, lb/A 
Seedbed preparation 
Conventional Disk No-till 
Alachlor + metribuzin 2 + ^ 16.3 15 .4 11.7 
Alachlor 2 17.2 15 .1 10.6 
Atrazine 3 14.8 14 .8 12.9 
Chloramben 3 24.2 16 .4 15.2 
None (Check) 0 18.2 15 .8 9.8 
Table 9. Average depths of emergence in mm. for foxtail species and 
smartweed seedlings with conventional seedbed preparation from 
Field 63, Agr. Engineering farm, 1973 
Herbicide treatment Rate, lb/A 
Foxtai1 
species Smartweed 
Alachlor + atrazine 2 + 1% 23.8 10.8 
Alachlor 2 17.4 10.6 
Atrazine 3 12.7 12.4 
None (Check) 0 14.2 9.2 
Table 10. Analysis of variance for data presented in Table 9 
Source d.f. Sum of Mean 
squares square 
Prob > F 
Herbicides 3 217. 01 23.01 .0017 
Weed species 1 285. 99 22.29 .0018 
Herbicide + Weed 3 119. 91 3.11 0.088 
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Field Experiments, 1974 
Prior to the 1974 studies, it was decided on the basis of the 1973 
data to include observations from a larger number of fields and locations 
despite the considerable variability which had been found between fields 
in 1973. Fields were sampled in early April, six weeks prior to seed­
bed preparations and crop seeding. These same fields were sampled again 
in early July after crops had been seeded in early June. Additional ex­
tensive sampling of conventional seedbed fields was done at Ames and on 
a lesser scale at other locations in Iowa. These latter samplings were 
to investigate the possible effect of herbicide treatments in altering 
the emergence patterns of weed seedlings, and to include a wider range 
of soil types and climatic conditions. 
Heavy rainfall delayed dates of planting and a similar rainfall 
situation after planting resulted in excessive variability between fields 
and between replicates in a given field. Herbicide efficacy was variable; 
soil erosion was excessive and variable in conventional seedbed prepara­
tion situations. 
Data for the 1974 experiments are presented largely as emergence 
depth profiles in which percentage of seedlings are plotted against depth 
of emergence at 5 mm. intervals. Statistical analyses were done using 
average depths of germination. In general, the analyses did not reveal 
significant differences based on accepted probability levels. However, 
examination of the profiles and of the means of average depths of seed­
ling germination reveal obvious trends which are in agreement with 1973 
results. 
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Methods of Seedbed Preparation 
Weed seedling samples were obtained in mid April from fields which 
had received initial tillage operations for the particular seedbed prep­
aration to be studied. Thus, plow and chisel plow operations had been 
done in the fall of 1973 at the Agronomy farm field while, at the Curtiss 
farm sites, plow and disk operations had been done in late March of 1974. 
Two fields were used at Curtiss to include smartweed observations. No 
herbicide treatments were included in the early samplings. 
Data from these early samplings are presented in Figures 5-9. De­
spite the apparent sharp differences in depth of seedling emergence, 
particularly with foxtail species, the statistical analysis did not re­
veal a significant effect of soil tillage on depth of seedling emergence. 
Differences among locations seemed to be a major factor in the sampling 
variability encountered in this experiment. Means for average depths of 
germination are presented in Tables 11 and 12. Despite the lack of sta­
tistical significance, there is a strong indication that average depth of 
emergence of foxtail seedlings was appreciably shallower in no-till areas 
than in those disturbed by plowing and other fall or early spring tillage. 
Table 11. Average depth of emergence in mm. for weed seedlings at three 
locations, tillages combined, April, 1974 
Location Foxtail 
Depth of emergence 
Smartweed Velvetleaf 
Curtiss farm. field 1 20.1 26.12 26.49 
Curtiss farm. field 3 15.4 24.81 22.22 
Agronomy farm, field 63 12.6 26.81 -  — —  
Figure 5. Profile of foxtail seedling emergence, Curtiss Farm, 
April, 1974. 
44 
Percentage Emerged Seedl ings 
10 20 30 40 50 
10 
2 0  • •  
E 
£ 
30 
O. 
® 35 
O o No-Ti l l  
•  Plow 
40 
X Disk 
45 
50 
Figure 6. Profile of smartweed seedling emergence, Curtiss Farm, 
April, 1974. 
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Figure 7. Profile of velvetleaf seedling emergence, Curtiss Farm, 
April, 1974. 
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Figure 8. Profile of foxtail seedling emergence, Curtiss Farm, 
April, 1974. 
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Figure 9. Profile of smartweed seedling emergence, Curtiss Farm, 
April, 1974. 
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Table 12. Average depths of emergence in mm. for weed seedlings with 
different tillage systems, locations combined, April, 1974. 
Seedbed preparation Foxcii Velvetleaf 
No-till 10.1 17.10 11.22 
Disk 19.4 29.40 29.86 
Plow 20.9 31.20 35.33 
Follow up samplings were taken in early July from Field 63 at the 
Agronomy farm location. No samples were taken from plots treated with pre-
emergence herbicides at planting. Field 63 was planted to soybeans in 
early June, at which time the plow and chisel plow plots were disked and 
harrowed prior to planting. The no-till plots were sprayed with 1 lb/A 
of glyphosate to kill the existing vegetation just prior to planting. A 
second location at the Agronomy farm was added to the July samplings. 
Seedbed treatments on Field 53, just prior to planting, were the same ex­
cept that chisel plow plots were sprayed with glyphosate instead of being 
disked and harrowed. Field 53 was planted to com on May 14. 
Data from July samplings in these fields are presented in Figures 
10-14. Examination of the figures shows that germination of the three 
weed species studied was predominantly from the upper 30 mm. of the soil. 
Statistical analyses showed no significant differences in depth of ger­
mination either for species or for tillage methods. Examination of the 
figures indicates a consistent trend toward shallower germination depths 
for no-till and chisel plow vAien the latter was not disked prior to 
planting of the crop. In the no-till and chisel plow treatments, the 
Figure 10. Profile of foxtail seedling emergence from three different 
seed beds, Agric. Engineering Farm, Field 63, June, 1974. 
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Figure 11. Profile of smartweed seedling emergence from three different 
seed beds, Agric. Engineering Farm, Field 63, June, 1974. 
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Figure 12. Profile of velvetleaf seedling emergence from three different 
seed beds, Agric. Engineering Farm, Field 63, June, 1974. 
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Figure 13. Profile of foxtail seedling emergence from four different 
seed beds, Agric. Engineering Farm, Field 53, June, 1974. 
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Figure 14. Profile of smartweed seedling emergence from four different 
seed beds, Agric. Engineering Farm, Field 53, June, 1974. 
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higher percentage of weed seedlings emerged from the upper 10 mm. of the 
soil profile. Very few seedlings emerged from below 50 mm. depths. Seed­
bed preparation with disk or plow-disk operations favored deeper seedling 
emergence; as shown by the reduction in percentages of seedlings emerging 
from 10 mm. or less and an increase in those emerging from the 15-25 mm. 
depth. Percentage of seedlings emerging from deeper than 50 mm. was 
greater also, compared with the no-till and chisel plow treatments. Meas­
urements in the plowed areas were difficult due to the cloddy condition of 
the field at the time of seeding; a condition which was still present at 
the time of sampling in early July. 
Differences in the emergence profiles at different locations and with 
different soil types are presented in Figures 15 and 16. These data were 
obtained from the check plots of herbicide evaluation tests conducted on 
conventionally prepared seedbeds at each of three locations in Iowa. Data 
in Figure 15 are from a clay loam soil at the Curtiss farm, where the 
highest peak of emergence for each of the three weeds studied was from the 
10-15 mm. depth. Emergence data for a silt loam soil and a silty clay 
loam soil are summarized in Figure 16. The patterns or emergence depths 
were markedly different from those shown in Figure 15. The peaks for fox­
tail species were less clearly defined and seedling emergence was distrib­
uted more uniformly through the soil profile. The peaks for smartweed 
and velvatleaf were present, but smoother than those observed in Figure 15. 
In general, there was a trend toward deeper seedling emergence in soils at 
Doon and Castana locations. 
Figure 15. Profile of seedling emergence, conventional tillage, Curtiss 
Farm, June, 1974. 
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Figure 16. Profile of seedling emergence, conventional tillage, Doon 
and Castana Farms, June, 1974. 
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Effects of Soil Applied Herbicides 
The possible effects of soil applied herbicides in altering the 
emergence profiles of weed seedlings were investigated at each of four 
locations. Seedbed preparation was the conventional plow-disk-harrow; 
herbicides were ones commonly used in com and soybeans. Samples were 
taken from both com and soybean plantings and since there was no crop 
effect on seedling emergence, herbicide treatments common to both crops 
were combined. All of the herbicides were applied preemergence, immedi­
ately after crop seeding, except trifluralin which was applied and incor­
porated just prior to seeding soybeans. Herbicides and rates used are 
detailed in Table 13. 
Table 13. Herbicides and rates of application 
Treatments Rates, lb/A 
Chloramben 3 
Atrazine 3 
Alachlor 2 
Alachlor + metribuzin 2 + ^ 
Trifluralin 1 
The average depth of seedling emergence at Doon, Castana, and Inde­
pendence are sunsnarized in Table 14 and illustrated in Figures 17-24. The 
depth of weed seedling emergence with trifluralin was very similar to the 
untreated plot and shallower than for any other herbicide treatment. The 
Figure 17. Profile of foxtail seedling emergence with conventional tillage, 
• Independence, soybean, 1974. 
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Figure 18. Profile of smartweed seedling emergence with conventional 
tillage, Independence, soybean, 1974. 
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Figure 19. Profile of foxtail seedling emergence with conventional tillage, 
Doon, com, 1974. 
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Figure 20. Profile of smartweed seedling emergence with conventional 
tillage, Doon, com, 1974. 
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Figure 21. Profile of foxtail seedling emergence with conventional til­
lage, Doon, soybean, 1974. 
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Figure 22. Profile of smartweed seedling emergence with conventional til­
lage, Doon, soybean, 1974. 
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Figure 23. Profile of foxtail seedling emergence with conventional tillage, 
Castana, com, 1974. 
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Figure 24. Profile of velvetleaf seedling emergence with conventional 
tillage, Castana, com, 1974. 
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statistical analysis in Table 14 for foxtail species indicated that there 
were significant differences among herbicide treatments in their effect on 
average depth of emergence of foxtail species (Table 16). Also, the ef­
fect of herbicide treatments differed, depending on which location was 
considered (i.e., location x treatment interaction was significant). This 
was evident \dien Tables 14 and 15 were compared. In Table 15, trifluralin 
and untreated plots were similar; the chloramben treatment showed a deeper 
average for seedling emergence while atrazine seemed to promote shallower 
emergence. These observations were most evident with foxtail seedlings. 
Table 14. Effect of herbicide treatments on the average depth of emergence 
of weed seedlings under conventional tillage at three locations, 
1974 
Treatment 
Average depths of emergence, mm. 
Foxtail Snartweed Velvetleaf 
species 
Chloramben 
Atrazine 
Alachlor 
Alachlor + metribuzin 
Trifluralin 
Check 
25.56 
24.08 
24.57 
27.71 
17.59 
22.88 
20.60 
22.68  
23.54 
18.82 
16.71 
26.49 
21.75 
18.00 
21.40 
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Table 15. Effect of herbicide treatments on the average depth of emergence 
of weed seedlings under conventional tillage at Ames, 1974 
Treatment Average depths of emergence, mm. 
Foxtail Smartweed Velvetleaf 
soecies 
Chloramben 
Atrazine 
Alachlor 
Alachlor + metribuzin 
Trifluralin 
Check 
20.73 
12.22 
17.46 
20.46 
15.90 
16.33 
24.93 
11.85 
18.25 
18.16 
17.20 
15.86 
20.73 
15.12 
20.15 
23.67 
16.18 
14.13 
Table 16. Analysis of variance for the effect of herbicides on the average 
depth of emergence of grasses under conventional tillage 
Source d.f. Partial SS M.S. Prob > F 
Location 
Treatments 
Crop 
Location x treatment 
Error 
2 
5 
1 
8 
4 
219.87 
166.46 
0.11 
314.41 
9.17 
no valid test 
14.52 .01 
0.05 .83 
17.14 .01 
2.29 
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Herbicide Treatment with Different Seedbed Tillage 
The efficacy of preemergence herbicides may be modified by the method 
of seedbed tillage used. In general, a smooth and even soil surface pro­
motes maximum efficacy of soil applied herbicides. The possible differen­
tial effect of herbicides on seedling emergence profiles under different 
seedbed tillage regimes was investigated with data obtained from six fields 
in the Ames area. 
The analysis of variance summarized in Table 17 shows a significant 
difference in emergence profiles of foxtail seedlings between seedbed til­
lage methods, but no significant differences among herbicide treatments 
or for the interaction of treatments with tillage methods. The same pat­
tern was obtained with velvetleaf seedlings, but with smartweed seedlings 
there were no significant differences among tillages, treatments, or the 
interaction. 
Table 17. Analysis of effect of herbicides and various tillages on the 
average depth of emergence of weed seedlings, Ames, 1974 
Source d.f. SS MS F Prob > 
Fields 5 165.45 
Tillage 4 103.83 25.96 25.96 .005 
Error (a) 3 0.30 .10 
Treatment 4 43.18 10.80 1.21 N.S. 
Treatment x Tillage 14 119.89 8.56 .96 N.S. 
Error (b) 13 116.51 8.96 
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Data for seedling emergence summarized in Table 18 shows that for fox­
tail species and velvetleaf seedlings, depths of emergence were signifi­
cantly deeper with conventional seedbed preparation compared with no-till 
seedbed preparation. With spring disking seedbed preparation, emergence 
depths were intermediate between no-till and conventional. These results 
are in accord with those presented earlier where seedling emergence was 
summarized only for plots which had received no herbicide treatment. 
Table 18. Emergence depths in mm. for weed seedlings for all herbicide 
treatments applied with three methods of seedbed tillage, Ames, 
1974 
Seedbed tillage Foxtail 
species Smartweed Velvetleaf 
No-till" 12.0 
Disk in spring 12.3 
Plow in fall, disk in spring 17.3 
12.1 
16.4 
17.0 
12.6 
14.2 
19.0 
Plots sprayed with glyphosate, 1 lb/A, just prior to seeding. 
The values summarized in Table 19 are averages for all weed species 
and demonstrate the variability and lack of significant differences among 
herbicide treatments among the three seedbed tillages utilized. 
Data from two experimental sites among the six sampled for this phase 
of the study are presented in Tables 20 and 21. Field 53 (Table 20) was 
planted to com on May 10, and the preemergence herbicides applied the 
same day. Rainfall in the following 2-week period was optimum for herbi­
cide efficacy. Under this situation, differences in depths of foxtail 
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seedling emergence were evident between seedbed tillages, particularly the 
contrast between no-till and conventional seedbed preparation. The effect 
of herbicides on depth of foxtail seedling emergence was not great but 
tended to promote a more shallow average depth. Foxtail seedling emer­
gence profiles for this experiment are presented in Figures 25 and 26. 
Table 19. Emergence depths in mm. for weed seedlings with five herbicide 
treatments applied to three methods of seedbed tillage, Ames, 
1974 
Herbicide treatment No-till* Disk in 
spring 
Fall plow, 
spring disk Mean 
Chloramben 12.0 14.0 20.7 15.6 
Atrazine 9.8 10.9 12.2 10.0 
Alachlor 9.2 9.3 17.6 12.0 
Alachlor + metribuzin 11.8 11.5 20.5 14.6 
Check 10.6 14.6 16.3 13.8 
a Plots sprayed with glyphosate, 1 lb/A just prior to seeding. 
Table 20. Emergence depths in mm. for foxtail seedlings with three herbi­
cide treatments applied to four methods of seedbed tillage, 
Ames, field 53, 1974 
Treatments No-till* Chisel plow* Disk Conventional 
Atrazine 7.0 7.1 10.9 10.6 
Alachlor + atrazine 7.7 6.4 10.5 16.3 
Check 11.0 10.9 16.5 18.5 
*Plots sprayed with glyphosate, 1 lb/A just prior to seeding. 
Figure 25. Profile of foxtail seedling emergence from four different seed­
beds treated with atrazine application, Agric. Engineering Farm, 
Field 53, June, 1974. 
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Figure 26. Profile of foxtail seedling emergence from four different seed­
beds treated with alachlor + atrazine application, Agric. En­
gineering Farm, Field 53, June, 1974. 
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Table 21. Emergence depths in mm. for foxtail seedlings with three herbi­
cide treatments applied to three methods of seedbed tillage, 
Ames, field 63, 1974 
Tre.».nts N=-tiU= 
Chloramben 16.4 11.4 19.5 
Alachlor + metribuzin 13.5 13.5 17.9 
Check 10.5 12.0 18.4 
^Plots sprayed with glyphosate, 1 lb/A just prior to seeding. 
Field 63 (Table 21) was planted to soybeans on June 7, and the herbi­
cides applied June 8. Rainfall was 3 inches on June 9, and the total for 
the 2-week period following herbicide application was 7.65 inches. Under 
these severe conditions, soil erosion was heavy on the plowed seedbeds 
and much less on no-till and disked seedbeds which had considerable sur­
face trash cover. Herbicide efficacy was low, particularly on the plowed 
seedbeds. The differences in depth of emergence for tillage methods were 
less, but followed the same trend as observed in Field 53. The effects 
of chloramben and the alachlor + metribuzin mixture on depth of foxtail 
seedling emergence were negligible. 
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DISCUSSION 
This investigation has shown that seedlings of the annual weed spe­
cies studied emerge from shallow depths in the soil and that the extent of 
soil disturbance associated with seedbed preparation is an important de­
termining factor in the depth of weed seedling emergence. In general, 
75-80 percent of weed seedlings measured had emerged from the upper 40 mm. 
of the soil profile. In no-till seedbeds, nearly 50 percent of seedlings 
had emerged from the upper 10 mm. in most locations. This effect of seed­
bed tillage on depth of seedling emergence was most evident with foxtail 
species. There was little consistent evidence that soil applied herbicides 
altered significantly emergence profiles of seedlings which escaped the 
herbicide treatment with all of the seedbed tillage situations encountered. 
The observed shallow depths of emergence for annual weed seedlings 
confirmed results obtained in many previous investigations. The data of 
these earlier studies were obtained from depth of planting studies which 
necessitated essentially identical soil disturbances for each depth of 
planting and which utilized weed seeds which had not been after ripened in 
the soil environment in which germination occurred. This present study 
has determined the emergence depths of naturally occurring weed seed in­
festations which terminated dormancy and germinated in field soil under 
the conditions of seedbed preparation associated with crop production. 
Depth of seeding studies, conducted in the greenhouse, were used to devel­
op, refine, and verify the technique of utilizing morphological markers to 
measure seedling emergence depth in the field. 
Morphological markers used in this study were the underground hypo-
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cotyl of smartweed and velvetleaf seedlings and the mesocotyl region of 
foxtail species. The validity pf the technique was verified in greenhouse 
experiments. There was no significant displacement of the seedling main 
axis during the emergence process in any of the germination media tested. 
The root-shoot connection region could be identified easily with the naked 
eye, and it maintained its position in the soil profile after the seedling 
had emerged. The distance between this region and the soil surface, where 
a natural change in coloration of the shoot axis took place, was taken as 
the depth of seedling emergence in smartweed and velvetleaf seedlings. 
Saminy (1970) used a similar transition zone as a marker for hypocotyl 
measurements of soybeans. Arber (1934) has shown that the seedling plant 
portion between the seed and the soil surface in grass seedlings results 
from mesocotyl elongation which is controlled by light. He also reported 
that roots develop rarely from the mesocotyl. Thus, the mesocotyl length 
was used in the present research for the determination of foxtail depth 
of emergence. There was no significant difference in the depth of emer­
gence between the three species of Setaria studied. This was experimental­
ly determined with seedlings taken from the field, where the three species 
of foxtail were growing naturally. 
Additional greenhouse experiments in the present work, showed that 
many seeds on the soil surface began the normal germination process by 
emergence of the radicle from the seed coat and remained in this stage for 
some time with no further seedling development. When the seedling at this 
stage was covered by a thin layer of soil, ^  cm. thick, the seedling re­
sumed normal growth. Conversely, seeds that were buried deep in the soil 
but with adequate conditions for the germination, also started radicle 
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emergence and remain in this stage until the physical resistance of the 
soil layer above was removed or reduced. This situation was more evident 
with seeds planted in sand. In this medium, although the seeds had ade­
quate conditions for the germination, emergence was prevented by the phys­
ical resistance of the soil or sand over the seed. When the layer was 
removed, seedling growth resumed normally. Snartweed and velvetleaf seed­
lings at the radicle emergence stage both on the soil surface or below a 
thick (5 cm.) layer of sand were maintained up to a period of one month. 
If after this month favorable conditions were restored either by covering 
with soil or by removal of excess soil, the seedlings continued to grow 
normally. Ifeder field conditions, it is possible that seedbed preparation 
or cultivation may favor the emergence of seedlings that have remained for 
some time in the initial stage of germination. This possibility was not 
evaluated in the present research. However, very few seedlings were found 
growing on the soil surface under field conditions. Pavlychenko (1942) 
reported that many forage grass seeds germinating on the soil surface did 
not complete their growth and died soon after germination. He also re­
ported that only seeds emerging between the soil surface and 1.25 cm. sur­
vived. Although in the present research very few seedlings were found 
germinating over the soil surface, many grass seedlings were emerging from 
the soil layer deeper than 1.25 cm. This was more evident in light soils 
(silty clay loam) under conventional tillage. Under this condition, a 
weed seed deeply buried will have more chances of germination than in a 
heavier soil. The physical resistance opposed to the seedling emergence 
is less in a light soil than in a heavy one, and other physical character­
istics of the soil that contribute to seed germination are in general more 
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adequate for a deep seed in a silty clay soil than in a loam soil. The 
different patterns of weed seedling emergence in Castana and Doon as com­
pared with the emergence in Independence and Ames support this view. In 
the lighter soil of Castana and Doon, there was a more even distribution 
of seed germination to a depth of 60 mm. 
It has been mentioned in the literature review that in a silty clay 
loam soil under no tillage, the larger temperature fluctuation took place 
at a depth of 1.3 cm. The daily range of temperatures in the soil down 
to 2.5 cm. was greater than that of the air temperature (Stoller and Wax, 
1973b). This high temperature fluctuation may be an important factor in 
weed seed germination in cultivated fields. 
During cultivation, some deeply buried seed are brought to the soil 
surface and «onietime later back below soil surface. Movement of seeds in 
the other way is also possible: from surface, down, and then back up 
again. This action may take place in a few hours with the result that 
seed are exposed to alternation of lower and higher temperatures. Stoller 
and Wax (1973b) have calculated the temperature fluctuation at different 
depths in cultivated fields, and found temperature differences up to 10° C 
between soil surface and a depth of 5.1 cm. This was calculated at the 
end of May, a time at which many fields are under seedbed preparation. The 
stirring of the soil layer where most of the seed are present, as a conse­
quence of cultivation, may expose some seeds to large temperature fluc­
tuations. Lang (1965) has attributed great importance to the temperature 
alternation in the process of seed germination. He concluded that the 
temperature changes may increase the general physiological activity level 
of the seed which allowed the latter to germinate more rapidly and to 
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overcome a germination block. 
The effect of different disturbances on the numbers of weed seedlings 
emerging was studied by James (1968). In his work, the total number of 
weed seedlings on the soil surface was evaluated but no attempts were made 
to classify the depths of emergence. The pattern of seedling emergence 
could not be explained on the basis of the soil parameters studied; Q.0^, 
Og, moisture, and temperature. 
It was found in the present work, that the higher number of weed seed­
ling emergence in a loam soil under conventional tillage fluctuated between 
a depth of 1.0 to 2.5 cm. This fluctuation was related to soil type, weed 
species, and in part to the moisture condition of the soil profile. In 
general, the average depth of germination for grasses was deeper than for 
smartweed and velvetleaf, due possibly to the fact that during emergence, 
the soil opposes more resistance to a velvetleaf and smartweed than to a 
grass seedling. This fact has been suggested by Kollman (1968). 
Although there was not adequate soil moisture determination, the 1974 
season had much more rainfall than the 1973 season. When the patterns of 
seed emergence from the Ames location for the two years were compared, a 
clear trend toward more superficial germination was noted in the 1974 sea­
son. In 1974, the soil surface was almost always well supplied with ade­
quate moisture and infiltration water accumulated in lower soil layers. 
This condition certainly favored shallower weed seed emergence. Under dry 
conditions, the soil surface dries first, creating an adverse medium for 
seed germination, while subsurface soil holds water for a longer time fa­
voring in this way a deeper seed germination. 
The other methods of soil disturbance evaluated in the present re­
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search, in different proportions, also stimulated deep steed germination 
when compared with the no-till treatment. The stirring of weed seeds in 
the soil surface during tillage exposed some seeds to adequate conditions 
for germination. In a nondormant buried seed, the conditions that favor 
germination are not necessarily permanent. During cultivation, many seeds 
may be exposed for brief periods to different environments. This brief 
exposure may be enough to shut off or turn on the process of germination. 
Holm (1971) has shown that velvetleaf seed planted deeply in the soil 
were inhibited from germinating. Flushing the soil for brief periods (15 
seconds) every day with air or overcomes the inhibition. The accumula­
tion of some type of inhibitor in the neighborhood of the seed is supposed 
to be one of the reasons for the inhibition of germination in deeply buried 
seed of nondormant velvetleaf. The effectiveness of the inhibitors were 
dependent on the 0^ around the seed that will facilitate its germination. 
The pressure of gaseous inhibitors in the soil atmosphere around the seed 
has been also studied by Wesson and Wareing (1969b). One of the roles of 
cultivation in improving the germination of deep buried seed in the soil 
could be due to the reduction of the gas pressure of such inhibitors since 
cultivation enhances soil aeration. 
Wesson and Wareing (1969a) suggested that the burial of weed seed of 
many species may induce a light dependence in previously nonlight-sensitive 
seeds. A short 'light-break' of only 90 seconds was sufficient to cause 
the germination of a large proportion of seeds. During cultivation, many 
seeds may find the light-flash that is needed to start the germination proc­
ess. This light-flash mechanism for breaking dormancy was also proposed 
by Sauer and Struik (1964) as a possible adaptation aiding pioneer plants 
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in exploitation of disturbed habitats. All these experiments have been mo­
tivated by the observation that soil disturbance, as caused by cultivation, 
results in a large flush of weed seed germination. 
Herbicides may be classified by their characteristic phytotoxicity to 
specific weeds. However, in field experiments with herbicides, a variable 
percentage of susceptible weeds escape the effect of the herbicide. This 
is commonly attributed to the capability of the weed of a deep emergence. 
In the present work, it was found that the percentage of seedlings emer­
ging from deep soil was higher in treated plots as compared with untreated 
plots. However, many more seedlings emerged also from shallow soil depths 
and with atrazine and alachlor a higher percentage of seedlings emerged 
from shallow soil. Some other facts are also important to explain the es­
cape of herbicide action by some weeds. One of these important facts is 
probably the frequency of microsites through the soil profile which not 
only fulfill germination requirements, but also reduce the chemical action 
of a particular herbicide. This seems to be the case with the use of tri-
fluralin which is incorporated into the soil surface where weed seeds are 
germinating. This compound, which is more efficient when located in the 
shoot zone, is tightly bound to the soil organic matter and is very re­
sistant to movement in the soil. Trifluralin did not alter significantly 
the percentage of weed seedling emergence from different depths in the 
soil profile when compared with the untreated plot. 
Foxtail grasses were found emerging in high percentages from the first 
10 mm. of the soil surface under atrazine and alachlor applications. This 
was more evident when soil moisture in this soil layer was adequate for 
seedling germination. Efficient herbicidal action with atrazine requires 
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the presence of the herbicide in the soil horizon which contains the roots. 
Alachlor is absorbed mainly by germinating plant shoots. Although dissipa­
tion by volatilization, leaching into the subsurface soil horizons, and loss 
by lateral movement in surface water is considered to be minimal for atra-
zine and alachlor, it was evident from the result of the present work that 
some losses occur from the uppermost layer of the soil. This was demon­
strated by the large percentage of grass seedlings growing between soil 
surface and a depth of 10 mm., with atrazine and alachlor application. The 
reduction in the numbers of weed seedlings emerging from 10 to 25 mm. in 
alachlor and atrazine treated plots may be an indication of the movement 
and higher activity of these herbicides in that soil horizon where most of 
the seedling roots are growing. In the case of alachlor, absorption by 
the germinating weed shoots is probably more important. 
It was mentioned before that a higher percentage of seedlings under 
field conditions germinated at the 10 to 25 mm. depths. Only under no-till 
conditions, there was a clear trend toward shallower emergence. This shal­
low emergence under no-till was enhanced when the herbicides atrazine and 
alachlor were used, probably due to the higher concentration of organic 
matter in the soil surface under no-till since these compounds are bonded 
to the soil organic matter. Chloramben, because of the anionic form which 
predominates in the soil and is poorly adsorbed by the clays, is readily 
leached in the soil. This fact contributes to a better distribution of 
this chemical through the soil profile. In chloramben treated plots, the 
weed seedling emergence peak at specific depths was less clear-cut and, 
when present, it was found at deeper soil horizons as compared with un­
treated plots. With this herbicide, an increase in the percentage of depth 
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seedling emergence was observed in all tillage methods studied. The 
alachlor + metribuzin treatment was more dependent on soil moisture condi­
tions. With adequate rainfall, metribuzin which is comparatively highly 
soluble in water, may be better distributed through the soil profile, 
affecting in this way the weed seedlings emerging from shallow soil. 
An interpretation of the results obtained in the depth of weed emer­
gence based on the part of the seedlings most suitable for the herbicide 
activity was not clear. Many other factors such as herbicidal concentra­
tion, duration of the exposure, and thickness of the treated layer are 
important parameters that were not evaluated in the present experiment. 
Although a higher percentage of deep emerged seedlings under herbi­
cide treatment has been discussed in the present work, there is not a 
clear explanation for this fact. However, two possibilities may be pre­
sented: the enhancement of deeply placed seeds to germinate when freed 
from the competition of superficial seedlings; and to the escape of some 
seedlings from the herbicide because of their germination from deep soil. 
No evaluation was made to determine the contribution of each one of these 
factors. In an untreated plot, the large numbers of germinating seedlings 
may create a less favorable condition for the germination of deeper seeds. 
When those emerging seedlings are killed by the action of the herbicide, 
deeper buried seeds may germinate. 
The statistical analyses of the experimental data used average depths 
of seedling emergence, which provided a clear picture of the overall 
trends in weed seedling emergence under the various methods of seedbed 
preparation and herbicide applications. This method did not permit sta­
tistical comparisons of the emergence profiles presented in the figures. 
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This study emphasized the sampling of a range of locations and field con­
ditions rather than concentrating on a small, closely monitored, more 
uniform experimental area. This choice provided the wide scope needed in 
such a study, even though it limited the precision of some comparisons. 
The results reinforce the widely accepted principle of practical weed 
control, that annual weeds germinate from relatively shallow depths in the 
soil profile. The extremely shallow emergence depths found with no-till 
seedbeds adds rationale to the observed effectiveness of preemergence 
herbicides in no-till situations and lends optimism for effective weed 
control with herbicides in no-till, soil conservation tillage systems. 
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SUMMARY 
This investigation is an attempt to determine the emergence depths of 
annual weed seedlings under actual field conditions. Major variables in­
cluded depth and kind of seedbed preparation, weed species, and effects 
of soil applied herbicides. 
Depth of emergence studies conducted under greenhouse conditions and 
verified under field conditions were used to develop methods based on 
measurements of key morphological characteristics of the weed seedling 
roots. This permitted accurate measurements of the depths of emergence of 
seedlings from naturally occurring weed seed infestations which had termi­
nated dormancy and germinated in field soil under conditions of seedbed 
preparation associated with crop production. 
Depths of seedling emergence were determined for Setaria lutescens 
(yellow foxtail), faberi (giant foxtail), viridis (green foxtail), 
Abutilon theophrasti (velvetleaf), and Polygonum pensylvanicum (smartweed). 
Soil block samples containing weed seedlings were removed from experimen­
tal field plots and washed free of soil to expose the below ground plant 
parts. Depth of emergence was determined by measurements on the under­
ground hypocotyls of velvetleaf and smartweed and on the mesocotyl region 
of foxtail species. 
Seedlings of the annual species studied emerged from shallow depths 
in the soil and the extent of soil disturbance associated with seedbed 
preparation was an important factor in observed depths of emergence. Fully 
75-80 percent of weed seedlings emerged from the upper 40 mm. of the soil 
profile. In no-till seedbeds, 50 percent of seedlings emerged from the 
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upper 10 mm. in most locations. The effect of seedbed tillage was most 
evident with foxtail species. Seedbed preparation by disking promoted 
deeper emergence depths and the conventional seedbed preparation method 
of plow-disk-harrow increased consistently the percentage of annual weed 
seedlings which emerged from deeper levels in the soil profiles. 
Lighter textured soils favored deeper seedling emergence and the 
emergence profiles showed a more even distribution of seedling emergence 
throughout the soil profile. 
Soil applied herbicides modified the patterns of seedling emergence 
in several individual experimental locations with particular conditions 
of soil type, rainfall pattern, kind of herbicide, and weed infestation 
present. There was recurrent evidence that the percentages of seedlings 
which emerged from below 40 mm. were increased slightly with herbicide 
treatments. However, considering all experimental conditions encountered, 
there was little consistent evidence that soil applied herbicides altered 
significantly the emergence profiles of seedlings which escaped the phyto-
toxic effects of the herbicide treatment. 
The observed shallow depths of emergence for annual weed seedlings 
under field conditions confirmed the large body of results obtained in 
many previous investigations, where the conclusions were based on obser­
vations other than actual seedling measurements. The very shallow emer­
gence depths of seedlings in no-till seedbeds suggests that there are no 
serious barriers to the substitution of herbicides for tillage in soil 
conservation crop production methods. 
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